Research and development in digital libraries (DL) have progressed quite significantly over the past twenty or so years. A search on SCOPUS database reveals a dramatic rise in the number of publications (articles, papers, reviews) from 436 publications during 1990 -1999 to 7,469 publications during 2000 -2010 (Nguyen and Chowdhury, 2011 . A number of reviews have been written to trace the developments and major areas of DL research. For example, Chowdhury & Chowdhury (1999) reviewed and classified DL research in the nineties into the following major areas: collection development; development methodology and design issues; user interfaces; information organization: classification and indexing; resource discovery: metadata; access and file management; user studies; information retrieval; legal issues; social issues; evaluation of digital information; evaluation of digital libraries; standards; preservation; and implications for library managers. More recently, Pomerantz et al (2006) studied a sample of 1,064 DL publications covering the period of [1995][1996][1997][1998][1999][2000][2001][2002][2003][2004][2005][2006] and suggested that DL research and work can be broadly grouped into 19 modules (core topics) and around related 69 topics. Another review of DL research, conducted by Liew (2008) was based on 557 publications covering the period 1997-2007. These publications collectively centre around 5 themes (core topics) and 62 related subtopics. These two studies provided fundamental frameworks of DL core and subtopics, with Pomerantz et al (2006) covering core Computer Science and Library and Information Science topics, and Liew (2008) covering the organizational and people issues of DL research.
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The most recent DL Knowledge Map proposed by Nguyen and Chowdhury (2011) includes 21 core topics and 1,015 subtopics. In addition to the classic research topics in information and library science like collection management, information organization, information retrieval, user studies, human-computer interactions, digital preservation, and others, they noted several new research topics such as ontology and semantic retrieval, virtual technologies, mobile technology, semantic web, social networking, etc.
As discussed in literature (see for example, Nguyen and Chowdhury, 2011; Pomerantz et al, 2006; Liew, 2008) and in different chapters in this book, research and development activities in digital libraries are significantly influenced by several factors such as ICT developments, changes in socio-political scenario, new business models appearing within the information industry vis-à-vis the new regulations including copyright and access management regulations, and so on. Some recent research and trends in different fields and their impact of digital libraries are discussed in this chapter.
Design and architecture issues
Digital library researches in the early days were initiated through projects funded under the first round of NSF (National Science Foundation) funding in the US and Joint Information Systems Committee (JISC) funding in the UK. (Chowdhury & Chowdhury, 1999) . These research projects mainly concentrated on building architecture, tools and standards for managing large volumes and varieties of digital content such as text, audio and video coming from heterogeneous systems and services. Consequently, a large number of distributed digital libraries were built. However, some digital library researchers focused on managing large quantities of data, for example, spatial data in the Alexandria Digital Library Project. Over the years, it has been increasingly realized that digital libraries should, wherever necessary, be able to handle and manage research outputs and well as research data in addition to those that previously existed.
As discussed in Chapter 2, digital library researchers experimented on developing different alternative architecture for digital libraries, and in that process different metadata standards and harvesting protocols were developed. However, as discussed in different parts of this book, especially in Chapters 2 and 8, the design and architecture of digital libraries should be such that it meets the overall goal of making information accessible to everyone irrespective of their geographical, technological and language barriers. Hence in parallel to research on building large distributed digital libraries like NSDL, Europeana, NDLTD, and other DLs, researchers are also looking for alternative digital library design for people who have limited or unreliable access to ICT, and/or have language or other barriers such as poor information skills.
For instance, the Greenstone digital library software developed at the University of Waikato in NewZealand is supported by UNESCO in order to facilitate design and development of DLs in the developing countries (Greenstone.org, 2007) . In Chapter 2, Suleman discusses SimplyCT, an alternative architecture for DL systems with a specific emphasis on low resource environments, such as institutions in developing countries.
Given the increasing popularity and use of mobile technologies in our everyday life, and the penetration of mobile phones even amongst the poor people in the developing countries, researchers have now realized the significance of mobile technologies in DLs. Based on a case study of four selected institutions and university libraries in the US, Mitchell and Suchy (2012) note that offering mobile access to digital collections is still a relatively new endeavor for libraries and museums, and the shift from desktop to mobile computing represents a challenge in providing service to our users.
Over the years. several large DLs and repositories have been built. Of late, researchers are working on building technologies and tools for integrating these DLs into useful and usable entities. The iSTEM project discussed in Chapter 11 shows research efforts in integrating various subject repositories in science, technology, engineering and mathematics (STEM) that, on the one hand, makes use of the subject knowledge of professional indexers who have prepared the subject directory of each repository, and on the other, facilitates better retrieval of information for the end users. Similar research activities directed towards integration of institutional repositories and DLs are discussed later in this chapter.
Various initiatives are now being taken at both the national and international levels to facilitate access to, and promote the use and reuse of research data. DataCite (http://www.datacite.org/), launched in December 2009, is a service that allows people to share and reuse research data. An international initiative with 20 members from 12 countries (as of February 2012), DataCite "plays a global leadership role promoting the use of persistent identifiers for datasets" (Brase and Farquhar, 2011) . Borgman, in her keynote address at the ICADL2011 conference in Beijing (Borgman, 2011a) and her article in JASIST (Borgman, 2011b) , discussed the challenges associated with management of digital research data. In order to successfully integrate and manage scholarly information and data of yesterday, today, and tomorrow, the DL community must make the necessary adjustments in their various activities throughout the information life cycle ranging from policies to information infrastructure as well as information retrieval and interactions.
As discussed in Chapters 2, 5 and 7 of this book, user-centred design of DLs with focus on language, social and cultural issues has become a major area of research and development. Europeana is a prime example of a multilingual and multicultural digital library. However, as discussed in Chapter 8, some digital libraries contain information and data that are culturally sensitive and therefore their design should follow some specific guidelines. Some such guidelines have been proposed for digital collections of specific materials (see for example, ASTIRILIN, 2008; Nakata et al, 2008 for indigenous collections in Australia, and Sullivan (2002) for indigenous collections in New Zealand)
Information organization and access
Since the beginning of DLs, information organization and information access have remained two major areas of research (Nguyen and Chowdhury, 2011) . Two major types of access provided in digital libraries are based on metadata and full-text search. Consequently as discussed in Chapters 2 to 4 of this book, interoperability and metadata crosswalk have remained a major area of research in DLs. Similarly, full-text and multilingual access features are also available in many DLs. As discussed in Chapters 6 and 7, social information retrieval based on social tagging, crowdsourcing, collaborative filtering and use, etc., have also become important areas of research in DLs
In parallel to DL development, a number of unique and very helpful information access services have been developed by search engines. Typical examples of such information access services include Google Books, Google Scholar, Microsoft Academic Research, and others. These services not only provide access to digital information, they add a lot of value to the retrieved information. For example, Google Scholar provides citation data related to the retrieved content while Microsoft Academic Research adds more value showing the growth of publications as well as other citation information.
Many institutional repositories also provide valuable information based on usage logs. For example, Strathprints, the institutional repository not only provides a simple and an advanced search interface with a variety of search features, but it allows users to generate a variety of graphs and tables summarising the usage data for eprints in the repository (University of Strathclyde, n.d.). Such data not only show the usage of institutional repositories, but they can also provide useful information relating to the performance of a given department, even an individual in terms of usage statistics.
Sustainability Issues
Sustainable development has remained a major agenda of the United Nations for a long time. A special unit called UN Division for Sustainable Development (DSD) was established in 1992 in order to promote activities for sustainable development at the national, regional and international level. Economic sustainability is one of the major challenges of sustainable development. Maintaining the quality and standard of DL services and research activities in the face of global economic crisis and severe austerity measures has posed many challenges, and consequently, new ways of generating revenues for supporting digital libraries. In the UK, JISC has been playing a key role in promoting research for finding ways for developing sustainableDLs, especially institutional repositories (see for details, Jacobs, Amber and McGregor, 2008; JISC, 2011a) . Similar efforts are being made in other countries to build and promote institutional repositories. However, many recent studies (see for example, Davis and Connolly, 2007; Connell, 2011; Cryer and Collins, 2011; Cullen and Chawner, 2011; Kim, 2011; MacDonald, 2011; St Jean, Rieh, Yakel, Markey, 2011) point out that the progress of institutional repositories has not been as much as it was originally envisaged, and there are many reasons for this, the primary one being the economic challenges, i.e. lack of a continuous funding stream to support development, management and preservation of content and data at the institutional level. Other challenges facing open access DLs, based on institutional repositories include: (1) a lack of understanding and commitment of faculty members, (2) various challenges associated with the understanding and management of copyright issues, (3) lack of proper evidences of better citation and academic rewards from institutional repositories, (4) perceived additional workload on the faculty that is associated with the process of self-archiving of information, and so on.
Environmental sustainability is the second dimension of sustainable development. One of the most well discussed documents on environmental sustainability is known as the Agenda 21, the Rio Declaration on Environment and Development. It was adopted at the United Nations conference on environment and development held in Rio de Janerio, Brazil, on June 3-14, 1992. This subsequently gave rise to several major international summits and conferences and resulted in a major policy document known as the Kyoto Protocol, which was adopted in Kyoto, Japan, on December 11, 1997 and entered into force on February 16, 2005. The Kyoto protocol had set binding targets for 37 industrialized countries and the European Community for reducing GHG (greenhouse gas) emissions. Unfortunately, despite several further initiatives, and government and international measures it appears that the signatories are far from reaching their target of reducing the GHG emissions. Nevertheless, efforts are underway in order to build a new binding agreement for every country. At the latest UN summit on climate change held in Durban in December 2011, a decision has been made "to adopt a universal legal agreement on climate change as soon as possible, and no later than 2015". (http://unfccc.int/2860.php). As shown in Chapter 10, DL projects require substantial use of ICT, which collectively have led to significant demands on enerby consumption, hence contributing adversely to environmental sustainability.
The third dimension of sustainable development is social sustainability which is dependent on society and individuals, their customs and practices, interactions, rights and equality, freedom, peace, security, social justice, well-being, and others. As part of the paradoxical equation, one should recognize that theeconomic and environmental sustainability are the means and drivers that are required and needed for achieving social sustainability and the overall development of individuals and society. The reader can refer to the DSD site (http://www.un.org/esa/dsd/susdevtopics/sdt_index.shtml) that provides a long list of topics related to sustainable development.
The importance of information for sustainable development has been directly and indirectly mentioned in various contexts in the canonical text on sustainable development called Our Common Future (World Commission on Environment and Development, 1987). Information for decision-making is the subject of Chapter 40 of Agenda 21, which emphasizes that, "in sustainable development, everyone is a user and provider of information considered in the broad sense. That includes data, information, experience and knowledge. The need for information arises at all levels, from that of senior decision-maker at the national and international levels to the grass-roots and individual levels." (http://www.un.org/esa/dsd/susdevtopics/sdt_infodecimaki.shtml)
The importance of information for socio-economic development has also been recognized by organizations like EU and OECD (see for example, European Commission, 2010; OECD, 2010 OECD, , 2011 . However, the importance of information has been ignored or downplayed in key policy documents on sustainable development, and within mainstream information science the issue of sustainable information has not been discussed or researched well (Nolin, 2010; Chowdhury, 2011a) .
Cloud computing
While we recognise that extensive use of ICT by DLs have a significant environment impact, it should be noted that the appropriate use of ICT can help in curbing the CO2 emissions. The Smart 2020 report of the Climate Group shows that "while ICT's own sector footprint -currently two per cent of global emissions -will almost double by 2020, ICT's unique ability to monitor and maximize energy efficiency both within and outside of its own sector could cut CO2 emissions by up to five times this amount. This represents a saving of 7.8 Giga-tonnes of carbon dioxide equivalent (GtCO2e) by 2020 -greater than the current annual emissions of either the US or China." (The Climate Group, 2008 ). The report further shows that improved and appropriate use of ICT can reduce "annual man-made global emissions by 15 per cent by 2020 and deliver energy efficiency savings to global businesses of over EUR 500 billion" (The Climate Group, 2008) .
Hence, the use of green IT and especially cloud computing technologies are encouraging signs that can be utlised to significantly reduce the environmental impact of DLs. Cloud computing can be regarded as an IT utility service with all these facilities for the consumer. This notion of cloud computing as a utility service has been emphasized in the Berkeley definition of cloud computing: "Cloud Computing refers to both the applications delivered as services over the Internet and the hardware and systems software in the datacenters that provide those services. The services themselves have long been referred to as Software as a Service (SaaS). The datacenter hardware and software is what we will call a Cloud. When a Cloud is made available in a pay-as-you-go manner to the general public, we call it a Public Cloud; the service being sold is Utility Computing." (Armbrust et al 2009): To date very little systematic research has taken place in relation to the environmental sustainability of information services in general, and DLs in particular. Very recently, Chowdhury has conducted research (1) in justifying how digital library services can help save universities reduce their environmental impact (Chowdhury, 2012b) ; how green information services can be built using Green IT and cloud computing services (Chowdhury, 2011a) , and (3) how to measure the environmental impact of information access and build green information retrieval systems (Chowdhury, 2012b) . By adopting the cloud computing model for DLs, in future, the following benefits can be realized (JISC,2011b; Chowdhury, 2011) :  Reduced environmental and financial costs of managing digital library services  Reduced cost of running large-scale research and experiments especially for those that are only needed for short periods like running large ICT experiments or increased volume of activities at certain times  Load sharing where a DL research group wants to collaborate with other research groups and neither will have to have the required ICT infrastructure or investment  The pay-as-you-go model of cloud computing that will allow researchers plan and run several DL research projects and experiments with reduced overhead and long-term investments  Being able to access data, content and services anytime from any location  Having the opportunity for conducting experiments with a variety of data and content-based services using virtual computing resources that can expand and shrink based on demands.
Building sustainable DLs and digital preservation systems pose a number of technological, economic, environmental, legal and social challenges. New metadata standards technologies and technologies are required to provide integrated content and data services through DLs. Some of these challenges are discussed in literature, see for example,  Wrenn, Mueller and Shellhase (2009) 
Socio-economic and Legal issues
Internet and digital library research and development activities have given rise to new social and legal challenges. As discussed in Chapter 9, and elsewhere in the literature (see for example, Houghton et al, 2009 and Chowdhury, 2011b) , several new players and business models have emerged in the field digital information product and services. Despite these new players and different business models, users of digital library services still find it difficult to access and use information in the most convenient way. Chowdhury and his associates have over the years discussed these challenges and justified the needs for a new digital content service network (see for example, Chowdhury, 2009; Fraser, 2011, 2009 ).
The need for new intellectual property rights to suit the needs of the digital age has been raised in different platforms. In the UK, the Hargreaves Review was commissioned by the Prime Minister of Britain with the pretext that the current IP laws do not adequately support the growth of digital economy. Consequently, while setting the background for this review, the report notes the following points (Hargreaves, 2011) :  "our competitive edge depends on our capacity to innovate, especially in the high margin, knowledge intensive businesses which now exist across all sectors of the UK economy. … The UK's long term growth depends on these firms. These are also the companies most affected by our Intellectual Property (IP) system. That is the context for this review, which the Prime Minister launched in November, with a mandate to examine how to ensure that our IP framework does the best possible job in encouraging innovation and growth." (P. 10)  "Digital technology is probably the most important and transformative technology of our time. Because digital is fundamentally an information and communication technology (ICT), intellectual property rights lie at its heart. Not only has ICT adoption and use been among the strongest drivers of growth, but it has pushed content and communication technology into new uses, meaning the IP system has become part of people's daily lives." (P. 13) and  "Because copyright governs the right to own and use data and information, as well as the output of authors, musicians, photographers and film makers, copyright law is now of primary interest to players across the whole of the knowledge economy, not just those involved in the creative industries. Digital technologies are based on copying, so copyright becomes their regulator: a role it was never designed to perform." (P. 14)
Thus the report acknowledges that the two key enablers for growth in modern days are: ICT and IP that control access to, and use of information. It also points out how the current IP laws are inadequate in promoting the digital economy of Britain and consequently what measures need to be taken with regard to the IP laws to facilitate easy access and use of digital information. Hargreaves Review makes 10 specific recommendations, some with many sub-sections. One of the major recommendations of the Hargreaves Review is to set up a Digital Copyright Exchange. The report recommends that: "In order to boost UK firms' access to transparent, contestable and global digital markets, the UK should establish a cross sectoral Digital Copyright Exchange." (Hargreaves, 2011, p. 8) Although the Hargreaves Review recommends the establishment of a Digital Copyright Exchange, the idea is not entirely new, and in fact the idea of a digital content network with a copyright switching system was recommended earlier, specifically in 2009 by Chowdhury and Fraser through a series of publications and presentations (see for example, Chowdhury, 2009; Chowdhury & Fraser, 2009; Chowdhury & Fraser, 2011; Fraser, 2009 Fraser, , 2010 . The Hargreaves Review proposes that:
"A digital copyright exchange will facilitate copyright licensing and realise the growth potential of creative industries" (Hargreaves, 2011, p.3) A similar idea was put forward more explicitly in the form of a digital content service network by Chowdhury previously: "a content service network (CSN) that will be complementary to traditional channels for content, will enable users to choose information from a myriad of information channels and sources, with sufficient levels of granularity, required for their use, and produce a new information package for access and distribution through a variety of mediainstitutional or personal computers, handheld devices, on-demand print, and so on, within the framework of a new and easy to implement business model". (Chowdhury, 2009, p. 216 )
Conclusion
It will be interesting to see how the new and emerging technologies and standards, cloud computing technologies and the new reforms to intellectual property laws and the associated developments such as the new and emerging business models in the digital information world will influence the development and management of DLs.. Alongside these, emerging user behaviour influenced by rapid developments in the web and social networking technologies will also have a significant impact on the development, access and use of digital libraries of the future.
